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Moringa is a nutrient-rich, highly bee dependent vegetable crop in India. Several insects visit moringa
flowers for nectar and pollen collection. The diversity studies revealed the visitation of thirteen
Hymenopteran, seven Dipteran and seven Lepidopteran insects in moringa. Among these, honey bees
play a major role in moringa pollination. Successful pollination ensures maximum fruit set and fruit
quality of moringa. Hence, to study the pollination potential of the most common honey bee in South
India, the Asiatic hive bee Apis cerana indica has been evaluated with four treatments. The findings

showed, managed bee pollination with four Asian bee colonies per acre of moringa crop improved the

Moringa
Apis cerana indica

fruit set (19.14 per cent) and fruit yield (11.40 per cent) compared to open pollination plots.

Introduction

Moringa is a multipurpose tropical tree native to India. It is being
cultivated in many countries for its nutritious leaves, flowers,
fruits, seeds and is mostly used for culinary purposes. In recent
times, moringa has been considered as "superfood" to provide
vital healthy nutrients to humans to fight against the Corona
virus. Moringa flowers begin anthesis during the morning and
anthers opens shortly after anthesis. The average fruit set in
moringa is 10% and resulted from successful pollination by
visiting bees. Successful pollination ensures maximum fruit set
and fruit quality of moringa. More number flower visitors are
attracted to moringa flowers. Honey bees, carpenter bees and
other wild bees are considered important pollinators of moringa
flowers. The present study has been taken up to assess the
diversity of moringa pollinators and the role of managed Asian
bee colonies in fruit set and fruit yield of moringa.

Methodology

Survey on the diversity of pollinators in moringa ecosystem
Survey of pollinators was conducted in two districts viz,
Pallapatti of Karur district and Veppanthattai of Perambalur
district during 2020-21. Five randomly selected moringa trees
were marked in each garden. In each randomly selected tree, 5
inflorescences were selected for studying the pollinator’s

diversity. The natural pollinator visitation per five inflorescences
per 5 min was observed in each of the five trees and final data
expressed as pollinator count/ 25 inflorescences/ 5 min. This data
was recorded every hour from 6 am to 6 pm. The population of
insect visitors were recorded for a period of 10 days during peak
flowering (after 20% of flowering). Flowering initiation and the
duration of peak flowering were registered. Daily flower
production on 25 randomly selected inflorescences, and the time
of daily anthesis and anther dehiscence in relation to the
prevailing weather were recorded.

Managed bee pollination experiment

The field experiments were carried out to study the pollination
role of Apis cerana indica in a randomized block design with four
treatments including control containing five replications. The
experiment was taken up during the last week of February 2021
in a selected farmer's field in Veppanthattai and surrounding
areas. Four bee colonies were placed in one-acre moringa field
selected at Veppanthattai village, Perambalur Dist. and another
two colonies were placed in a farmers field at Venbavur village
and a control plot in Veppanthattai village. The nylon net sleeve
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cages were used to exclude the pollinators in randomly
selected inflorescences (bud stage) from a moringa plot
selected at Veppanthattai village. Observations were
recorded periodically on flower visitors, bee visitation rate,
no. of fruits formed per tree, fruit length (cm), fruit girth
(cm), fruit weight (g) and total fruit weight per tree (kg).
Colony growth parameters like sealed brood area (cm?) and
honey store area (cm?) was also recorded in bee colonies and
the data were statistically analysed and compared.

Results and Discussion

Survey on diversity of Pollinators in Moringa

A total of 27 species of pollinators were recorded in moringa
ecosystem. Among them, thirteen belonged to Hymenoptera,
seven to Diptera and seven to Lepidoptera. Among
hymenopterans Apis group includes three insects namely
Apis cerana indica, Apis dorsata, A. florea and Non Apis
group includes ten insects which belongs to Vespidae,
Scolidae, Sphecidae and Pompilidae . Among the Dipterans,
seven insects belongs to Syrphidae, Sarcophigidae,
Calliphoridae, Dolichopodidae and Muscidae. Among
Lepidopterans seven insects belongs to Papilionidae,
Pieridae, Nymphalidae, Hesperidae and Sphingidae (Table 1).
Similarly, [1] recorded that Scolia dubia S. was the most
frequent visitor (30.22%) of Drumstick inflorescence
followed by Xylocopa virginica L. (21.24%) and other insects.
[2] also reported 8 insect species visiting flowers of M.
concanensis nimmo Linn and among them, little bee (A.
florea) and black ant (Camponotus compressus F.) were the
major pollinators of drumstick.
Table 1. List of pollinators and insect visitors recorded in

moringa
lematic position Rale (N | P ] &
51 No Pallinators sﬁm F:::l} (NIPINE)

1 AT CENL NG HmEneRlEra., Apide Nl
2 A dsata Hymenoplera,; Apidae NP
3 A farea HEnoRlEr.; Apida NP
1 Amegilla zomaa Heneplen.; Apida N
3 Amegilla quadriasaa Hymenoplen., Apidse el
& Xplocmgasp. Hymenpnlea, Apidae el
7 Falistessp. Hhmenpplen,; Vespidae N
8 Veespa onenialis Hhapeneplera,; Vespidae N
9 Senlizsp. Hymenoplen, soolisdae N
1o Spharsp. Hymenpplesa,; sphecidae N
11 Megachilesp. Hymenoper,; Megachilidae NP
12 PSP, Hymeneglana,; Pomplioe N
13 et s Hymeneplen.; Halictinae NP
14 EpisyTpns sp. Digleia,. Syrphidae N
15 Sl it Sarcophigae N
16 Luscilia papuensis Digtes,;, Calliphoridas N
17 Erieiafis arvonnm Riptara,., Syrphidas N
18 I s S, g, Dalichopodidas N
m el Biptera,. Dalichopodidas N
20 M SRSt DD, MusCiae N
21 Fapiio poiytes LEninter,; Papilionidae N
) FHEYES e LEnifntera, Fieritas N
3 Tirnmaka iy Lenifdoptera,; Nymphalidse N
24 Hypolimnas bk Legidonera,; Nymphalicae N
= D VS Lenidontera . Nymphaliee N
26 TRV s LEnifnaera . Hesperidae N
kD Spfiresp. Lemirotera,. Sphingicae N

The pollinators were grouped into 4 groups, Apis sp., Non
Apis Hymenopterans, Dipterans and Lepidopterans. Among
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them Apis sp. were high in number with a mean of 4.95/ 25
inflorescence/ 5 mins, followed by Non Apis Hymenopterans
(3.37), Dipterans (1.56) and finally Lepidopterans (0.56).
Among Apis Hymenopterans, Apis cerana indica was the
major pollinator with a mean of 3.36/ 25 inflorescence/ 5
mins followed by Apis dorsata and Apis florea. In non Apis
Hymenopterans, the major pollinator was Amegilla cingulata
(1.51) followed by Polistes sp. and Scolia sp. Among the
Dipteran pollinators, the major one was Episyrpus (0.36/ 25
inflorescence/ 5 mins) followed by Lucilia papuensis and
Sarcophaga sp. Among the Lepidopterans, the major
pollinator was skipper (0.13/ 25 inflorescence/ 5 mins)
followed by Papilio polistes and Danaus chrysippus.

Pollinator visitation on 25 inflorescences for 5 min was
observed every hour from 6 am to 6 pm for ten days during
peak flowering which served as replications. The diversity
index namely the Simpson’ s D was high (7.6) between 2 and
3 pm and the range was 3.3 to 7.6 throughout the day.
Species richness (S) was more in 9-10 am and 1-2 pm. In
general, the pollinator population was higher in the
forenoon than in the afternoon. Nectar foragers spent more
time than pollen foragers (Table 2).

Table 2. Population of pollinator groups at different days during

moringa flowering

Pollinator population in 25 inflorescences | 5 min®
Pollinator groups | Days®

m Dz D3 | D4 D5 D6 D7 | D8 D9 | D10

Apis Hymenopterans 373 | 618 | T00| 691 | 364 | 400 | 373| 418 400 | 409

Non Apis Hymenopterans 236 ( 245 355 327 | 00| 373 345( 336 373 | 345

Dipterans 145) 136 | 164 127 | 091 | 155| 191| 155 164 | 1.82

Lepidopterans 027 )| 0049 | 036 036 091 | 091 ) 082 055| 073 [ 1.00

Diversity indices

Species richness (5) 4 4 4 4 4 4 4 4 4 4
Simpson’s D 282 (221 243 232 | 273 312 326( 295 307 | 3.26
Simpson's E 070 ( 055) 061 | 058 | OGE | O78 | O81| 074 077 | 081
Shannon’s H 114 | 096 | 105) 102 | 114 123 126| 119 122 | 1.26
Shannon's E 082 060 ) 076|073 | 082 | OBO| 091( 086 | 088 | 0.0

Managed bee pollination in moringa

The field experiments were conducted at different locations
and the results revealed that the bee visitation rate | 5
inflorescences /3 min was maximum (6.02) in T1- four
colonies /acre compared T2 - two colonies per acre (4.00)
and T3 control (2.2). The fruit quality parameters like fruit
length (54.30cm, 49.74 c¢cm), fruit girth (6.38 cm, 6.12 cm)
and fruit weight (126.4 g, 119.8g) were also significantly
higher in fruits obtained from T1 and T2 fields respectively
compared to T3 field (Table 3). Similarly, the number of fruit
set [tree was significantly higher (128.2) in T1 followed by T2
(122.8) than T3 control field (107.6). Placing four A. cerana
indica bee colonies per acre helped in a significant increase
of 19.14 per cent fruit set respectively over the control. [3]
also emphasised the role of honey bees and carpenter bees
in moringa pollination. [4] documented various pollinators
of moringa and revealed that honey bees were highly
efficient pollinators compared to other non apis pollinators.
The studies on colony growth parameters revealed that in all
the colonies an increase in the area of sealed brood (23.02 to
34.63%) was noticed and similarly 128.65 to 169.51% increase
in food storage area was also observed (Table 4).
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Table 3. Effect of honeybee, Apis cerana indica pollination
on yield and yield parameters of moringa

Fruitlength | Fruit girth | Individu | No.fruits | Percent | Total fruit Bee
(cm) (cm) al fruit Jtree increase | weight | visitation
weight over (Kgftree) | rate (No./5
(g) contral (T3) inflarescenc
ef3min.)
TI - 4 bee colonies facre 54300 6.38 12642 12822 19.14 16.20 6.022
T2-2bee wolonies facre | 49748 | G2® | 11988 | 12280 [EXE 1471 1000
T3 - Control (no 13128 5,940 10925 | 107.6° 0 1175 2.20°
managed bee colonies)
T4 - Pollinator 0 0 0 0 - 0 0
exclusion®
SE (d) 297 0.29 5.36 643 - - 029
€D (0.05) 6.48 0.63 11,69 140 - - 0.64

*Mean of five replications; means followed by different letters within a column indicate significant differences [P<0.05)
# Observations only from the bagged inflorescences

Table 4. Colony growth parameters of honey bee colonies
placed in moringa orchards

Colony Sealed brood area (cm?) Honey and pollen store area [em)

201 | 332001 | 123200 | 320zt | dp2200 | 33001 | 1232021 | o | PTCEN
Increase ncredse
TICL | 703 | 823 | 84 | 004 | B3 | W8 | 24 | B | 35 | M
TIQ | ®5 | 65 | 754 | 8 | %3 | 14 | 128 | 158 | 316 | 1Ml
TIG | & | 704 | 782 | 883 | M | 164 | 218 | 28 | M2 | 6]
TIK | &8 | 708 | 814 | 816 | 315 | 156 | 164 | 185 | 412 | 600
TICL | %1 | 636 | 682 | 716 | B2 | 162 | 14 | 185 | 386 | 182
TC | 66 | G4 | 748 | sL1 | 0% | 185 | 172 | 318 | 423 | 1

Conclusion:

Placing four Asian bee colonies per acre of moringa crop
improved the fruit set (19.14 per cent) and fruit yield (11.40
percent) compared to open pollination plots.
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Plate1. Diversity of Pollinators in Moringa flowers
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